The quantum cloner machine maps an unknown arbitrary input qubit into two optimal clones and one optimal flipped qubit. By combining linear and non-linear optical methods we experimentally implement a scheme that, after the cloning transformation, restores the original input qubit in one of the output channels, by using local measurements, classical communication and feedforward. This significant teleportation-like method demonstrates how the information is preserved during the cloning process. The realization of the reversion process is expected to find useful applications in the field of modern multi-partite quantum cryptography.
The conservation of information can be assumed as a basic principle of physics [1] . Accordingly, since two perfect copies of an unknown arbitrary quantum state |φ carry more information than the latter one, it is impossible to realize a perfect quantum cloning machine [2] . On the same token, since more information about |φ can be extracted from a pair of two orthogonal qubits |φ φ ⊥ than from two parallel ones |φ |φ the impossibility argument holds for the spin flipping operation, i.e. the NOT gate [3] . Even if the cloning and flipping operations are unrealizable in their exact forms, they can be approximated "optimally",
i.e. with the minimum added noise, by the corresponding universal quantum machines,
i.e., the universal optimal quantum cloning machine (UOQCM) [4] and the universal-NOT (U-NOT) gate [3, 5] . In the present paper we experimentally address the important problem whether, in spite of their fundamental limitation, these optimal machines do conserve all the information associated with any input qubit |φ and how this information can be fully retrieved by a teleportation-like scheme. More precisely, here the quantum information content of |φ is spread over the 3 qubits entangled state |Σ(φ) SAB through the quantum cloner and then is fully retrieved on an output channel by implementing a Local Operation and Classical Communications (LOCC) method [6] . The spreading of the initial information over |Σ(φ) SAB is obtained by a simultaneous implementation of the 1 → 2 UOQCM and the 1 → 1 U-NOT gate via a quantum injected optical parametric amplifier (QI − OP A) [7, 8] or an all linear optics setup [9] . As shown in Figure 1 , at the input of UOQCM the three modes S, A, B support respectively the qubit |φ and the two ancillas. The quantum reversion process is completed by application to the output of UOQCM of a Local Operation and Classical Communication (LOCC) procedure [10] , indeed a modified teleportation protocol consisting of a Bell measurement on the modes S and A, a classical communication channel, and of a final unitary operation on the qubit B [11] .
Let us consider the cloning machine (CM) which realizes simultaneously the 1 → 2 UOQCM and the 1 → 1 U-NOT gate. We start from the input qubit |φ ≡ |φ S = α |0 S + β |1 S and the ancilla qubits A and B in the state |0 . After the cloning process the
The qubits S and A end up in the state ρ S = ρ A = 5 6 |φ φ| + 
where
. These are W three-qubit entangled states which are recognized to exhibit the highest robustness of bipartite entanglement against the loss of one qubit [12] , [13] , [14] .
The procedure adopted to reverse the cloning and flipping processes consists of a LOCC approach similar to the quantum teleportation protocol, as said [15] . To understand how the restoring of the initial qubit is obtained, the state (1) can be re-expressed introducing the Bell states of the qubits S and A : |Φ
The cloner output state can hence be recast as
We note that only the symmetric Bell states of S and A appear since the two clones belong to the symmetric subspace.
Let us now describe the restoring machine (RM). For this purpose we introduce two partners: Alice (A) and Bob (B) ( 
As can be easily obtained from the expression (3), at the end of protocol the qubit B is found in the state |φ : the initial state of the qubit has hence been restored deterministically. It is worth noting that the ancilla qubit B is necessary to restore the initial qubit state.
To implement the restoring machine we adopted polarization encoded qubits by exploiting the isomorphism between the qubit state α |0 + β |1 and the polarization state The reversion machine has been realized adopting linear optics and single-photon detectors (Fig.2) . A complete Bell measurement can be realized adopting a deterministic C-NOT gate [17] , while the four Bell state identification cannot be obtained by simple linear optics elements [18] . In the present experiment we have restricted our analysis to the detection of the state |Ψ As first experimental step we have identified the position Z = 0 corresponding to the overlap between the injected photon and the UV pump pulse (Fig.3-a) . Let us consider the situation in which we inject the state |φ and we detect the Bell state |Ψ To completely characterize the output state of the CM + RM process we have positioned the mirror M P in the position Z = 0 and we have carried out a single qubit quantum state tomography [19] on the k 2 mode for three different states of the input qubit |φ = |H , |φ = |+ and |φ = |R (Fig.3-b In the ideal case ρ B = |φ φ|, as said. To ensure a higher visibility of the overall process in the measurements, the different modes selection was assured by narrower pinhole. The experimental results confirms our theory; the fidelity F φ = φ| ρ out |φ of the overall process are found to be F H = 0.98 ± 0.01, F + = 0.78 ± 0.01 and F R = 0.76 ± 0.01. The average experimental fidelity of the overall process has been found to be F = 0.84. This value is found to be largely above the classical estimation bound achievable by measuring the input qubit, equal to 0.67.
In conclusions, we have demonstrated experimentally the reversibility of the cloningflipping processes by showing how the output of these processes can be exploited to non-6 locally restore the input qubit |φ with unit fidelity. 'This result, indeed a fundamental one in the domain of Quantum Information, is expected to represent a significant contribution in modern multipartite quantum cryptography protocols [20] [21] [22] . In particular, the adoption of W entangled states (2) for quantum secure communication [14, 23] and secret sharing protocols belong to the most advanced issues raised recently in this field. Finally the present experimental realization is a significant step towards the adoption of the cloning process for optimal partial state estimation, as recently proposed by [24] . 
